< 



APR-27-2006 THU 09:57 AM SENNIGER POWERS 



FAX NO. 3142314342 



P. 10/28 



PATENT SPECIFICATION 



<»> 1 432 650 



p 

$ 

9 



(21) Application No. 44420/73 (22) Filed 21 Sept. 1973 

(31) Convention Application No. 

291950 (32) Filed 25 Sept 1972 in 

(33) United States of America (US) 

(44) Complete Specification published 22 April 1976 

(51) INT. CL. 4 D2.1B 1/12 

(52) Index at acceptance 

D2A I 



(54) METHOD OF RECOVERING SEMJCHEM1CAL AND 
KRAFT FIBRES SEPARATELY FROM CORRUGATED 

BOARD 




(71) We, Arthur D. Lttob Ikc a 
Corporation organised and existing under the 
laws of the State of Massachusetts. United 
States of America, of Acorn Park, Cam- 
5 bridge, MasaachuseUs 02140. United States 
of America* do hereby declare the inven- 
tion for which we pray that a patent may be 
granted to us, and the method by which it 
is to be? performed, to be particularly des- 
10 eribed in and by the following statement: — 

This invention relates to a method for 
separating two types of fibres found m paper 
composites and more particularly to sepcra- 

1$ tins the semicbeoaical fibre constituent from 
the kraft fibre constituent in corrugated 
board in the recycling of corrugated boxes 
and the like. 
In the recovery of secondary fibres from 

20 a composite of paper or of a paperboard 
product such as container board, it is neces- 
sary to be able efficiently to separate the 
constituent fibres to obtain maximum utility 
of each type of recovered fibres* 

25 Conventional corrugated board comprises 
two outer layers of linerboard made of soft- 
wood kraft fibres and an inner layer of cor- 
rugated medium formed of hardwood semi- 
chemical fibres. The function of the outer 

30 layers of linerboard is to provide the 
packaging material with high resistance to 
punctures and tears. The linerboard makes 
up approximately two^hirda of the total 
weight of the container board and has out- 

35 standing high strength characteristics. The 
principal function of. The corrugated medium 
is to provide impact resistance to the corru- 
gated board, and by comparison with the 
linerboard it has poor physical strength 

40 characteristics. The semichemical corrugated 
medium has a low moisture resistance or 
high water receptivitj;. while the kraft liner- 
board has a high moisture resistance or low 
water receptivity. This marked difference in 

45 water receptivity and strength characteris- 



tics of the two constituents of corrugated 
board are used in the separation method of 
this invention. 

In the present known processes for re- 
cycling corrugated board, old corrugated 50 
boxes and the like (shredded or whole) are 
thoroughly mixed into water to be dispersed 
and formed into a pulp slurry. Usually, 
such a slurry contains about 5% by weight 
of fibrous material and 95% by weight 55 
of water. In forming the fibre slurry by this 
prior art process, the semicheraical fibres 
from the corrugated medium fraction and 
the kraft fibres from the linerboard frac- 
tion become intimately mixed. Since there 60 
is no satisfactory way of separating these 
two kinds of fibres they must be processed 
and reused as a fibre mixture. This fibre 
mixture is cleaned to remove heavy inorga- 
nic materials and then treated with a mild 65 
cooking action to disperse contaminants such 
as asphalt, plastics and the like. The result- 
ing fibre mixture can then be formed into 
either recycled linerboard called "jute liner" 
or recycled corrugated medium called 70 
"bogus medium" depending on the process 
conditions used. In spite of the fact that 
different process conditions are used, it has 
been demonstrated that the presence of both 
types of fibres in the manuracture of either 75 
type of product is detrimental to the attain- 
ment of the characteristics desired in the 
products. More specifically, the presence 
of semichernical fibres in jute liner- 
board detracts from its physical strength; 80 
while the presence of kraft fibres in the 
bogus medium is detrimental to attaining 
the desired decree of stiffness. 

The difficulties encountered in using such 
a fibre mixture in producing reconstituted 85 
corrugated board have led to a number of 
different attempts to effect an efficient, eco- 
nomic separation of the semichemical fibres 
from the kraft fibres. For example, in one 
known experimental process, the pulp slurry 90 
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containing both kinds of fibres is passed 
through a ccfltrtfucal separator to segregate 
the bag softwood kraft fibres from the short 
hardwood semicbemical fibres. However, it 
5 is believed thai this process has not been 
demonstrated to be economically feasible. 

It is therefore apparent that there is need 
for an efficient, economic method for pro- 
cessing corrugated board to be recycled so 

10 that a substantial portion of the two types 
of fibre constituents can be separated and 
reused to the best advantage. 

It is therefore a primary object of this 
invention to provide a method for scparat- 

w ing and recovering the seimdhcroical fibres 
and the kraft fibres in corrugated board 
which is being recycled and reconstituted. It 
is another object to prove a method of the 
character described which produces two 

20 types of recovered fibres which may be used 
to the best advantage in forming reconsti- 
tuted corrugated board, the properties of 
which approximate those of corrugated 
board made from all virgin fibres. Other 

25 objects of the invention will in part be ob- 
vious and will in part be apparent herein- 
after. 

By the method of this invention, the 
corrugated board stock material (boxes 
30 separators, clippings etc) is first subjected 
to a treatment which reduces the material to 
mtermetfafe sized pieces, preferably of 
substantially uniform size. Then the 
pieces, after being treated with a 
debondmg agent if desired, ate introduced 
into water, which may contain a surfactant 
and the resulting dispersion is subjected to 
mechanical action to achieve differential 
size reduction. The temperature of the water. 
40 the surfactant content and the time of and 
energy input into the mechanical action are 
adjusted so as to separate the corrugated 
medium from the liner board and to reduce 
the corrugated medium constituent to fibres 
or sman pieces while retaining Substantially 
all of the linerboard constituent relatively 
intact m,. the form of larger pieces. The 
smaller-sized pieces and fibres of the corru- 

fTt^^T- are then separa- 

ted from the larger-swed pieces of finer- 
ooara constituent such as by conventional 
screening techniques. Each fraction is then 
preferably subjected to well-known procss 
dures for disintegration to reduce the 
55 separated fractions to fibres. Hand sheets 
made from fibres from these two fractions 
show marked differences in physical proper- 
toes, thus providmg evidence that the repara- 

The corrugated stock which is to be re- 
claimed and recycled may be such material 
as old boxes, corrugated scrap, sheets, box 
dividers and the like. It is preferably first 
65 sorted to remove snch extraneous material 
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as metal, cloth, dirt and the like. Then the 
corrugated board is reduced to intermediate 
sized pieces, the dimensions on any one side 
of the pieces ranging from about one to six 
inches giving the- pieces two surfaces ranging 70 
m area from about 1 to 36 square inches It 
is preferable that substantially all of these 
pieces for any one batch or run be of sub- 
stantially uniform size, eg. about 1 x 1 
1 x 6, 1 x 2, 2 x 6, etc It will, of course, 75 
be appreciated that these sizes are only 
exemplary and very approximate. Unifor- 
mity of dimensions is preferable to ensure 
that substantially all of the intermediate 
sized pieces receive essentially the same SO 
treataent over a given period of time during 
the diflerential size reduction step. Thus for 
example, if these intermediate-sized pieces 
were made up of a mixture of pieces which 
were 1 x l inch, 3x3 inches and 6x6 35 
lflches it becomes readily apparent that it 
would rcqmre different lengths of time for 
water to penetrate into the central portions 
of the corrugated mediums of these three 
differently sized pieces. Since the time over 90 
which mechanical working is performed is 
one important parameter in the differential 
size reduction step, it is apparent that it is 
praferable not to Introduce an additional 
ttctor of wide srze range of the intermediate 95 
sized pieces into the ^termination of the 
various operating parameters of this step. 

JSa^SJ^ f"*L o£ the corru- 

gated board stock to mtermcdiate sized 

tt * ay ^desirable to add a small 100 
fhT^w a «J«nucal.dehoiHlmg agent to 
Sli toc K *° ^uce the possibility of unde- 
sirable fibre damage. Such a debondms 
agent is exemplified by water or a dilute 
oSSf ? f urea * °* Xylene carbonate. 105 
or of ^ ^°£ U1 ? a ^ d wbonate 
SLm-ii?*? 8111 1116 ™°wt of such a 
chemical bonding agent solution should not 

teffi^ 1 5% by wcighl ° f tt^SSff 

.JJ c * st 9* of «*«in6 the corrugated board 
^nterme^fte si^^lces may be 
SrinM?*^ * , sevBrai commercially 
a ^Sm5EP 0f ^rmient For example, 
Lm^k ^ reduc&n mill such ai a 

ThH^i? r * cut * r «ay be used. 
«£rJ*%* * since it produces 

SSft ^ corrusated board widch have edees 

tt'Mfi."* ^ ^compacted. SbS 
fidscs permit the water, in which the nieces 120 

toougfi the corrugated medium to free it for 
reduction into smafl pieces. 

After the corrugated board stock has been 
reduced to the intermediate sized pieces, the 125 
pieces are subjected to a differential size 
reduction step in which the scmichemical 
oomigared medium constituent is materially 
m ™ wh3e the kraft lmerboard 
c on s titne nt is retained in substantially its 130 



110 



115 



PAGE 1 1/28 ■ RCVD AT 4/27/2006 10:56:01 AM [Eastern Daylight Time) 1 SVR:USPTO-EFXRF-3/10 * DNB:2738300 • CSID:3142314342 1 DURATION (mithSS):08-02 



APR-27-2006 THU 09:58 AM SENNIGER POWERS 



FAX NO. 3142314342 



P. 12/28 



1432650 



intermediate sized condition. This differen- 
tial size reduction step is carried out by dis- 
persing the intermediate steed pieces in 
water which may contain a surfactant The 
5 amount of corrugated board stock dispersed 
in water may range from about 1/2 to 10% 
by weight of water used. If a surfactant is 
used it may be an anionic, cationic or 
nonionic materia], and it may range in 
10 amount up to 03%, and preferably between 
0.1 and 03%, based on the weight of the 
water. The water into which the inter- 
mediate sized pieces are introduced for dis» 
parsing may range In temperature from am- 
*5 bient temperature up to aoout 1^0%F. 

Once the pieces of corrugated board stock 
are introduced into the water for dispersion, 
they are subjected to what may be termed 
low-energy mechanical action, over a period 
20 of time ranging from a few seconds to 
several minutes, the purpose of which is to 
separate the corrugated medium from the 
linerboard and to disperse the more water- 
receptive corrugated medium constituent 
25 into individual fibres or into smaJl pieces, 
e.g ? up to about 1/4 to 3/8 inch in size 
waile the more water-resistant (less water- 
receptive) linarboard constituent remains 
essentially intact in the size of the original 
30 intermediate sized feed stock or is reduced 
to pieces considerably larger than 3/8 inch. 

U the differential size reduction step is 
carried our as a batch operation, exemplary 
types of suitable equipment include, but are 
35 not limited to, a pulper, a propeller-type 
mixer operating between about 20 and 60 
rpm. and a ban miH with glass balls ranging 
in size from about 1/4 to 5/8 inch in dia- 
meter. If this step is carried out as a eon- 
40 tinuous operation, exemplary types of suit- 
able equipment include, but are not limited 
to, a pipeline type mixer wherein residence 
time is controlled by controlling the back- 
pressure and a continuous ball rafil. 
45 It is necessary to control the operational 
parameters in combination to obtain the dis- 
persion of the corrugated medium semi- 
chemical fibres while minimising the disper- 
sion of the kraft fibres of tho liierboard. It 
50 is desired that if good dinkrentiatiou of pro- 
perties is to be maintained in the finally 
separated constitnents that not more than 
about 20% of the kraft fibres originating 
from the linerboard constituent be dispersed. 
It is, however, preferable that this fraction of 
dispersed kraft fibres be kept at 10 to 15% 
or below. Ideally, of course, ft would be most 
preferable if none of the kraft fibres were 
dispersed, but this is difficult to attain. 

The operational parameters which must 
be adjusted to attain the desired dispersion 
as described are water temperature, surfac- 
tant content, tho time period over which the 
mechanical action is applied and the level 
€5 of energy input into the applied mechanical 
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action. These parameters in combination 
must be adjusted to obtain the desired degree 
of dispersion. Some examples may be cited 
for guidance but not for placing limitations 
on any one parameter. It ambient tempera- 70 
tore water is used containing a low concen- 
tration of surfactant and a low-level of 
energy input is employed, then the dispers- 
ing tune may be several minutes, ag., two 
to six minutes. If, on the other hand, the 75 
water is at an elevated temperature, the sur- 
factant is present at a relatively high con- 
centration, and the energy level input is 
greater, then the time required to achieve the 
desired degree of differential size reduction SO 
may be reduced to a minute or even less. 
Therefore, knowing the results (type of dis- 
persion) required, the range of surfactant 
concentration, and the upper limit on dis- 
persion water temperature, it is well within 85 
the skill of the art to determine residence 
time m any suitable equipment for any 
desired intermediate sized pieces of corru- 
gated stock being processed. 

After the attainment of the desired dif- 90 
ferential size reduction, the resulting slurry* 
contairdng as one fraction the small pieces 
or fibres of corrugated medium semi- 
chemical fibres and as the other fraction 
the intermediate- sized pieces of linerboard. 95 
is subjected to a separation step whereby 
the two fractions are separated. This may . 
be accomplished by use of a well-known 
continuously moving inclined screen or a 
rotary screen apparatus wherein the small 100 
pieces or fibres of the corrugated medium 
along with a small amount of the liner- 
board pass through the screen tor collection 
and the larger-sized pieces of the linerboard 
are retained on the screen for separate col- 105 
lection. Alternatively,, a vibrating screen 
apparatus may be used. It is also possible 
to employ apparatus based upon a flotation 
technique in which the larger pieces float 
to the surface of a flotation cell where they iiq 
are skimmed off and thereby separated 
from the fraction of small pieces and fibres 
which sink to the bottom* During this sep- 
aration step it may be preferable or neces- 
sary to dilute the slurry to a consistency 115 
best suited for tho particular type of separa- 
tion apparatus used, 'typically. consStcn- 
cies of from about 0,1 "to 5% whl be 
satisfactory. The choice of an optimal con- 
sistency is within the skin of the art 129 

Once the two types of fibres have been 
separated they may be handled in a con- 
ventional manner to be reprocessed into 
corrugated medium and linerboard. Al- 
ternatively, the recovered fibre fractions 125 
can be used for the manufacture of other 
types of paper or papexboard materials. 
For example, since the linerboard is formed 
of high quality fibres, this fraction formed 
primarily of softwood kraft fibres may bo 130 
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bleached and used in high-value paper 
products. 

The method of this invention may be 
described in further detail with reference 
5 to the following specific example which is 
meant to be illustrative and not limiting. 

The stock used was obtained from old 
container board (corrugated board). After 
a preliminary cleaning, the container board 

10 was cut up into intermediate sized pieces 
which were generally uniform in size averag- 
ing out about one by one inch in dimension, 
In forming the? intermediate aized pieces a 
paper cutter was used. No debonding agent 

15 was added during this step. The inter- 
mediate sized pieces were then added to 
water, at room temperature (about 64°F), 
which did not contain any surfactant The 
amount of corrugated stock was 2% by 

20 weight of water used. This material was 
processed in a laboratory stirrer operating 



at 60 rpra for 5 minutes. The resulting 
slurry was diluted to a consistency of about 
1/2% and the fibre fractions were separated 
by passing the slurry through a screen, the 25" 
openings in which were 1/2 x 1/2 inch. 
Each fibre fraction was then formed into a 
papennaking furnish following TAPPT 
Standard Method No 410 for dispersing 
fibres for forming hand sheets. Hand 30 
sheets were then formed from the two fur- 
nishes on a Noble-Wood apparatus. The 
sheets were conditioned overnight at 50% 
relative humidity and subjected to standard 
test procedures to obtain the results tabu- 35 
Iated in Table 1. For comparison, a hand 
sheet was also formed of a combination of 
semichemical kraft fibres obtained from a 
aampje of the corrugated stock. The pro- 
cedures for dispersing the fibres and 40 
fanning the hand sheet were the same 
method as described. 
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Table 1 

Physical Strength Characteristics of Fibres 
Reclaimed from Corrugated Board 



Fraction 



50 Composite 
Linerboard 
Corrugated 
medium 

* 6*4 square inches 



Mullen 
(P*0 



16.0 
18.2 
&2S 



Total WU 
of 

Fraction 
few) 

41.1 
69.0 
31.5 



Weight 
(gin)* 



2,68 
165 
2.64 



Free* 



570 
610 
650 



Tensile Tear 
lbs/Jin. igm) 



8.2 
11.2 
6.6 



S3 

U6.6 
32 



t Canadian Standard Freeness 



55 The physical data of Table 1 clearly 
show that the two fibre fractions possess 
. markedly different strength properties, par- 
ticularly tensile and tear strengths. These 
differences are evidence that the two types 

60 of fibres — semichemical from the corruga- 
ted medium and kraft from the linerboard 
■7 were effectively separated by the method 
of this invention. 

65 WHAT WE CLAIM IS:— 

1. A method for separating the semi- 
chemical fibre traction forming the corru- 
gated medium from the kraffubre fraction 
forming the linerboard in corrugated board, 
70 comprising the steps of: (a) reducing cor- 
rugated board stock to intermediate sized 
pieces; (b) mtroduciug said intermediato 
sued pieces of corrugated stock into water 
for dispersion therein: (c) subjecting said 
75 corrugated stock in water to cMerential 
size reduction by mechanical action* the 
temperature of said water and the length 
of time and energy level input of said 
TTTf tc h am ca l action being adjusted to sepa- 
80 rate said corrugated medium from said 
Uuerboard and to reduce said corrugated 
fraction to fibres or small pieces 



while retaining substanrialhr all of the kraft 
linerboard fraction in the form of larger or 
intermediate sized pieces: and (d) separat- 85 
ing said fibres and Small pieces of said 
semichemical corrugated medium fraction 
from said kraft linerboard fraction. 

2. A method in accordance with claim 1 
including the step of adding a debonding 90 
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mize fibre breaking. 

3. A method in accordance with claim 1 

or claim 2 including the step of adding a 95 
surfactant to said water prior to step (b), 
the concentration of said surfactant being 
up to 03% by weight of said water. 

4. A method in accordance with any of 
claims 1 to 3 wherein said corrugated board 100 
stock Is reduced in size to form said 
intermediate sized pieces with dimensions 
ranging between about 1 and 6 inches. 

5. A method in accordance with any of 
claims X to 4 wherein the amount of said 105 
corrugated board stock added to said water 
ranges between J and 10% by weight of 
said water. 

6. A method in accordance with any of 
claims 1 to 5 wherein the temperature of 110 
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said water used to form said dispersion 
ranges between ambient temperature and 
about 160°F. 
7. A method in accordance with any of 
5 claims 1 to 6 wherein said mechanical ac- 
tion is carried out over a period of time 
tanging from & few seconds to several 
minutes. 

& A method in accordance with any of 
10 claims 1 to 7 wherein said separating com- 
prises collecting said kraft Hnerboard 
fraction on a screen sized to permit said 
corrugated medium fraction to pass 
therethrough. 
15 9. A method in accordance with any of 
claims 1 to 8 wherein said small pieces of 
said corrugated medium fraction axe no 
Harper than about 3/8 inch on a side. 
10. A method for separating the semi- 
20 chemical fibre fraction forming the corru- 
gated medium from the kraft fibre fraction 



25 



forming the linerboard in corrugated board, 
substantially as described in the foregoing 
specific example. 

11. A method in accordance with any of 
^lafm* I to 10 including the further step of 
separately dispersing said serni chemical 
corrugated medium and said kraft liner- 
board fractions in water to form separate 30 
papermafcing fu rnishe s, 

12. A method in accordance with claim 
11 including th6 farther step of forming 
from said papennakmg furnishes recon- 
stituted papers suitable for corrugated 35 
medium and for linerboard in the manufac- 
ture of corrugated boant 
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